A mong the most striking avian anatomical divergences from the typical tetrapod pattern is the reduction of the cephalic alimentary canal to a bare minimum required for food procurement, generally believed to be an adaptation for lightening the avian body for flight (1) . Much of this anatomical modification involved jettisoning teeth concomitantly with the acquisition of a horny beak, the reduction of complex jaw musculature, great reduction of the tongue, and the development of a highly kinetic skull. The food processing normally accomplished by the teeth and masticatory apparatus was thus relegated to the lower digestive system, functioning in storage, disassembling, and digestion (2) . Until now we knew virtually nothing of the timing of the origin of the anterior food canal, but in PNAS (3) Xiaoting Zheng of Linyi University in Shandong, China, and colleagues from the Institute of Vertebrate Paleontology and Paleoanthropology in Beijing and the University of Kansas, reveal the discovery of avian crops in two distinctive lineages of Early Cretaceous birds, providing significant insight into this remarkably unique avian anatomical innovation, as well as early avian diet.
Digestive System Highly Modified
Because of the reduced buccal apparatus, the avian digestive system is designed to process unmasticated food (usually swallowed whole), including both storage and digestion. At the anterior end is a straight and thin muscular tube devoid of digestive glands, the esophagus that contains mucous-secreting glands to facilitate food passage. However, in many birds this simple tube is greatly expanded as a crop to hold large quantities of food in transit to the lower alimentary canal. Posteriorly, the muscular, grinding gizzard is often characterized as the functional analog of mammalian molars. To illustrate, turkey gizzards are reported to have pulverized 24 walnuts (in shell) in less than 4 h and turned surgical lancets into grit in less than 16 h (4). Varied in structure, some esophageal outpocketings serve as resonators (e.g., grouse, bitterns, etc.), whereas cormorants temporarily expand the esophagus to hold fish. Other variations include vultures that engorge themselves on carrion and go elsewhere to slowly digest; whereas still other modifications include pigeons that have specialized cells producing "crop milk" from which they feed their young for the first 4 d or so. At the extremes the flightless New Zealand kakapo (Strigops) and the South American hoatzin (Opisthocomus) have developed crops as glandular muscular stomachs, digesting tough resistant leaves. Interestingly, a highly excavated concave anterior section of the sternal keel accommodates the hoatzin's crop-stomach and in skeletal form closely matches that of the Mesozoic avian clade the enantiornithines or opposite birds, an observation that deserves additional attention.
Independent loss of teeth may be at least associated with granivory in early birds.
However, by far the most widespread of the five or so types of modern avian crops are known among the seed-eaters (gallinaceous and anseriform birds, pigeons, etc.), and that is what seems to have been discovered here. Crops allow avian seed-eaters to load up large amounts of food rapidly, often from patchy resources, and then leave to safely digest the meal elsewhere. These birds eat grit and small stones (gastroliths) with food (ostriches ingest stones up to 2.5 cm in diameter), to aid the gizzard grinding process, equivalent to mammalian masticatory processing. Interestingly, teeth are known to have been independently lost in five lineages of birds, and although this phenomenon has been suggested to be linked to weight loss associated with flight or the evolution of a muscular, grinding gizzard, the two species discovered with seed-filled crops also have stone-filled gizzards, suggesting that independent loss of teeth may be at least associated with granivory in early birds. Clearly then, this discovery points to seed eating having played a significant role in early avian evolution, an unexpected finding, and the correlation of crops and gizzard gastroliths seems to have appeared independently. Until now most dietary information on Early Cretaceous birds was gleaned from occasional presumed prey preserved within a specimen or deduced from skull morphology (5, 6).
Same Features Arise Independently
Another problem posed by the discoveries from the Chinese Early Cretaceous attends the persistent finding that avian structures of identical morphology originate independently in disparate lineages and illustrates that we are far from understanding basic evolutionary processes. Thus, the theoretical question posed by these avian discoveries raises serious problems concerning fundamental concepts of homology and phylogeny, because many of the so-called "avian" features, including the crop, described here, reduction or elimination of teeth, a horny beak, reduction of the elongate tail, fused tail vertebrae into a pygostyle, keeled sternum, alula (bastard wing), and many others, are features that can be shown to have evolved independently in phylogenetically remote lineages of birds. At a higher level the same occurred in two major archosaur lineages of the Mesozoic, the pterosaurs and birds, which paralleled each other through the Mesozoic in the reduction of teeth, loss of tail, acquisition of keeled sternum, and fused thoracic vertebrae (notarium). In the latter case the convergence is quite obvious involving flight adaptations, but in early bird lineages it is almost as though there is one morphological pathway to becoming birdlike. Even in modern birds the independent evolution of myriad anatomical features in disparate lineages, from supraorbital rims and nasal salt glands and secondary mandibular articulations to fused thoracic vertebrae in songbirds, illustrate the same phenomenon (7, 8) .
Problem Largely Ignored
Evolutionary biologist Walter Bock, in a classic but long-forgotten article, attempted to analyze this very problem back in the 1960s (7), but with the rise of the methodology of phylogenetic systematics the issue was quickly "swept under the carpet," emerging only from time to time. However, if classic homology requires tracing a feature back to the same feature in the common ancestor of the organisms in question, then what are we to make of all these features arising in early birds in disparate lineages? Bock attempted to explain this as a phenomenon of massive homoplasy, most characteristic of morphologically uniform groups such as birds, in which evolutionary constraint is enforced by the physically restrictive demands of flight; and he applied the term "pseudohomology" to such features. He legitimately pointed out that if the intervening lineages were extinct then the structures in question would no doubt be considered homologous. The approach of classic homology relies on the feature being present in a common ancestor generally confirmed by developmental position and connectivity, whereas most modern paleontologists use the methodology of cladistics or phylogenetic systematics to define homology only a posteriori from cladistic analysis (9) . However, with myriad characteristics now shown, at least in Aves, to have been independently acquired, the situation would seem much more complex, because these very characteristics are invariably considered synapomorphies (shared derived characteristics) and are thus coded as such for phylogenetic analysis.
Bock presciently noted that "If a sound explanation for the phenomenon of 'pseudohomology' can be given, then . . . the major part of the genetical basis for homology will be solved. The answer seems to lie in the genetical and developmental patterns in homogeneous groups" (7) . There seems to be a most welcomed resurgence of interest in understanding the phenomenon of massive homoplasy and convergence, and Simon Conway Morris urges that "we should seek explanations for ubiquitous evolutionary convergence. . . . What we do not understand is how organisms assemble as exceedingly complex functional entities nor why they repeatedly navigate to convergent solutions" (10) (11) (12) . Given this dilemma, instead of the seemingly hopeless current attempts to reconcile morphology and molecules, would the "Tree of Life" project be best served by a standardized methodology based on wholegenome comparisons that are just around the corner (13, 14) ?
The amazing discoveries from the Early Cretaceous of China have provided a remarkable window on the Early Cretaceous biota and paved the way for a completely unique and enlightened but unexpected understanding of avian evolution, and in the process are guiding us into some uncharted waters in understanding basic evolutionary processes.
